7. Nakamura, K., Kawashima, R., Sato, N., Nakamura, A., Sugiura, M., Kato, T., Hatano, K., Ito, K., Fukuda, H., Schormann, T., et al. (2000) . Dispatches accumulate enough genetic differences will eventually come to have genotypes that render them reproductively incompatible with one another. It stands to reason that, as two incipient species become increasingly divergent, they will ''automatically become increasingly immiscible'' (p. 278 in [2] ). That these views are long-held truisms among speciation geneticists makes the findings reported in a new paper by Davies et al. [3] all the more surprising. Studying the molecular biology of speciation between two house mouse species, the authors show that increasing divergence at a speciation gene actually reverses the species incompatibility.
To understand how this can be, we must dig into the byzantine biology of the first speciation gene to be identified in mammals: Prdm9 causes sterility in hybrid males between the house mouse species Mus musculus musculus and
Mus musculus domesticus (Mmm and
Mmd, respectively [4] ). These species initially split from each other around 500 thousand years ago [5] and now live in eastern and western European ranges, respectively, that abut in a narrow zone of hybridization [6] . Genetic analyses show that spermatogenesis is disrupted in hybrid males that are hemizygous for an unidentified factor (termed Hstx2) on the Mmm X chromosome and heterozygous Mmm/Mmd at the Prdm9 locus on chromosome 17 [4] . This interspecific genetic incompatibility between Mmm Hstx2 and Mmd Prdm9 causes reduced testis size in hybrid males, as well as spermatocytes arrested in early meiosis I with disrupted homologous chromosome pairing and meiotic sex chromosome inactivation [7] . One of the major goals of speciation genetics is to identify the genes involved in interspecific incompatibilities, as doing so allows the possibilities of determining their molecular functions within species, the forces mediating their evolution and the molecular etiology of their hybrid dysfunction [8] . While the identification of Prdm9 was a major breakthrough [4] , critical clues about its function, evolution and incompatibility effects have come from an altogether different research program, as Prdm9 is not only a speciation gene, it is also a recombination gene.
During meiosis, replicated homologous chromosomes pair and exchange material either via crossover events (reciprocal exchanges) or non-crossover gene conversion events (non-reciprocal exchanges). In mammals, a large fraction of crossover events tends to be concentrated in short (1-2 kb) chromosomal intervals termed 'recombination hotspots', in which crossovers occur at rates orders of magnitude above the rest of the genome [9] . Prdm9 is the major determinant of recombination hotspot distribution in mammal genomes [10] [11] [12] (with the exception of canines which, strangely, have done away with Prdm9 altogether [13] ). The PRDM9 protein is expressed in spermatocytes and oocytes and encodes a histone methyltransferase with a DNA-binding zinc finger array [9] . PRDM9 works by binding specific 13-bp target sequences and methylating nearby histones, which marks the region for localized double strand break formation, the prelude to recombination. The tendency of double strand breaks at hotspot motifs to be repaired using 'colder' sequences of homologous chromosomes as donor templates perpetuates a remarkable coevolution between PRDM9 and its target sequences: PRDM9 directs double strand break formation to hotspot motifs, which tend to get converted to cold sequences, so as a result of PRDM9 activity, its preferred binding motifs are gradually eliminated from the genome ( Figure 1A ) [11] .
Because at least one crossover per homologous chromosome pair is required to ensure their proper segregation, the genomic decay of preferred binding motifs has consequences. As the risk of too few crossovers per meiosis growsand hence the risk of missegregationso does selection for novel PRDM9 variants with novel motif-binding Dispatches preferences that will restore minimal crossover rates [11, 14] . Thus, PRDM9 drives a positive molecular evolutionary feedback: it extinguishes its own preferred binding motifs from genomes, which in turn conditions the evolution of novel motifbinding zinc fingers in the PRDM9 protein, and so on. Remarkably, evidence for this somewhat fanciful scenario abounds in the genomes of mammals. Recombination hotspots change position quickly so that they are not shared between closely related species [15] , and the abundance of hotspot motifs preferred by the human PRDM9 variant has declined in the human lineage but not in the chimpanzee lineage [11] . Mirroring this rapid turnover in recombination hotspots, the PRDM9 zinc finger array also has a history of remarkably rapid molecular evolution, with recurrent bouts of positive selection at the amino acid residues that mediate its DNA binding specificity [16] .
In the new study, Davies et al. [3] gather these seemingly disparate narrativesspeciation, recombination, the evolutionary turnover of hotspots and PRDM9 zinc fingers -to determine just how Prdm9 causes hybrid male sterility in mouse. To explore the binding properties of the PRDM9 protein, they 'humanized' the Mmd PRDM9 protein, replacing the Mmd zinc finger array with that from human. As expected, when introduced into Mmd mice, the humanized PRDM9 transformed the recombination landscape, with hotspot motifs in the engineered mice matching those reported for humans. A surprise came, however, when the authors crossed female Mmm mice to male Mmd mice bearing the humanized Prdm9 allele: instead of sterile hybrid sons, they recovered fully fertile hybrid sons. The humanized PRDM9 zinc fingers rescue hybrid male sterility between the two house mouse species, implicating the DNA-binding activity of the protein in the species incompatibility.
A further important clue to the cause of hybrid sterility comes from comparisons of the genomic recombination landscapes of sterile versus fertile (rescued) hybrid mice. In sterile hybrid males, the double strand breaks induced by PRDM9 activity are asymmetric: the PRDM9 allele from Mmd induces double strand breaks overwhelmingly on Mmm chromosomes, and the PRDM9 allele from Mmm induces them overwhelmingly on Mmd chromosomes. The result is that double strand breaks are distributed at different positions along the lengths of homologous chromosomes ( Figure 1B) . This asymmetry is the legacy of the PRDM9-mediated erosion of alternative motifs in the respective species ( Figure 1A) . A motif that was degraded in one species' lineage by its predominant PRDM9 allele would have persisted in the other species' lineage and vice versa ( Figure 1A) . In striking contrast, double strand breaks in rescued fertile hybrid males show a largely symmetric distribution of double strand breaks ( Figure 1B) . The symmetry arises because the humanized PRDM9 zinc finger recognizes a 'human' preferred binding motif that is similarly abundant in the naïve Mmm and Mmd genomes. While the mechanistic details remain to be determined, the findings from hybrid mice show that symmetrically distributed double strand breaks facilitate proper synapsis between homologous chromosomes, an important insight into the biology of recombination and segregation. Conversely, part of the reason hybrid mice are sterile is their failure to establish sufficiently symmetric double strand breaks and the downstream consequences -lack of synapsis and stalled double strand break repair [3, 7] . This is only part of the reason that hybrid males are sterile, of course, as hybrid females and hybrid males from the reciprocal cross have the same Prdm9 genotype, and yet both are fertile. The remaining piece of the puzzle resides on the X chromosome: sterile hybrid males are hemizygous for the Mmm allele at the Hstx2 locus, whereas hybrid females and hybrid males from the reciprocal cross are not.
For Prdm9, then, we now have a good understanding of what its function is within species, why it has diverged between species and how its functional divergence gives rise to sterility in house mouse hybrids. Because of its role in recombination and its ultimately selfdriven molecular evolution, Prdm9 may well contribute to hybrid sterility between other pairs of diverging mammal species [16] . And this brings us to what is undoubtedly the most unexpected conclusion from the study of Davies et al. [3] : introduction of the humanized Prdm9 allele in effect mimics the evolution of a more diverged, neomorphic Prdm9 allele in one (or both) of the mouse species -an allele that, by recognizing a novel motif, restores symmetric binding and hence synapsis and fertility in species hybrids [3] . The inescapable implication is that a little Prdm9 divergence (and its correlated motif erosion) can cause asymmetric binding and hybrid sterility, whereas more Prdm9 divergence can restore symmetric binding and rescue hybrid sterility. Owing to its peculiar biology, then, Prdm9-mediated hybrid sterility is, against all a priori intuition, expected to be an evolutionarily transient form of incompatibility between species. On the one hand, Prdm9 is probably an oddity -most genes that evolve to incompatible states between species will not easily reverse it by further divergence. On the other, it remains to be seen just how often Prdm9 itself features in the initial splitting of other mammal species, perhaps facilitating the evolution of other, less transient reproductive incompatibilities [3] .
A new report shows that the HY5 transcription factor moves from shoots to roots in plants, mediating light regulation of root growth and nitrate uptake. This finding offers not only a mechanistic insight into shootroot communication, but also scope for increasing crop yields.
The Calvin cycle is a fundamental sequence of chemical reactions that supports metabolism and growth in plants. As it drives the fixation of atmospheric carbon dioxide, energy-rich building blocks are assimilated and either used directly or stored as starch. In Arabidopsis thaliana, this starch reserve is severely depleted during the night, as carbon is channeled through myriad biosynthetic reactions before sunrise [1] .
The judicious use of carbon reserves is critical for the survival of developing seedlings, as carbon fixation must increase to a rate capable of supporting growth before the nutrient stores of the seed are exhausted. This is even more urgent for plants (such as Arabidopsis thaliana) that disperse a large number of relatively small and poorly-provisioned seeds. Efficient use of carbon in the seedling demands coordination between the fluctuating supply of carbon from the Calvin cycle and the flow of essential nutrients from the soil. This type of rootshoot communication has a precedent, as root growth is under the control of signals from the shoot, which are initiated by red and blue light-absorbing photoreceptors and communicated through hormones such as auxin and gibberellin [2] . Surprisingly, this conceptually straightforward connection was only recently discovered after it was demonstrated that primary root growth depends on the physical presence of a mobile signal taken to the roots from the cotyledons through the phloem. Moreover, it was convincingly shown that this signal consists of photosynthesis-derived sugar, which after arrival in root tip was able to drive root elongation growth only in the light [3] .
Hormones and carbohydrates are by no means the only signals moving between shoots and roots. For example, a recent survey revealed that over 2,000 genes encode mobile RNAs in Arabidopsis [4] . Studying variant ecotype transcripts in heterografted plants allowed the identification of these mRNAs, which move between various organs under normal or nutrient-limiting conditions.
Additionally, the timing of flowering induction is under the control of FT, a protein that is transported from leaves (where environmental factors such as light quality, day length and carbohydrate availability are sensed) to the shoot meristem, where it interacts with the bZIP transcription factor FD to trigger the formation of flowers [5] . Studies such as these help to explain why simple promoter-reporter gene fusions do not always reliably reveal the actual location of transcripts or proteins in the plant.
The plant vascular system has evolved to allow the close regulation of longdistance signaling. In phloem tissue, cell-to-cell connections called plasmodesmata help to generate a
